
BODY REGION INDICATION 



PATENT 

Attorney Docket No.: 1023-228US01 / P-l 1556.00 



|0001] This application claims priority from U.S. Provisional Application Serial No. 
60/422,261, filed October 31, 2002, and U.S. Provisional Application Serial No. 60/503,215, 
filed September 15, 2003. The entire content of both Provisional Applications is 
incorporated herein by reference. 

TECHNICAL FIELD 
[0002] The invention relates to medical devices, and to techniques for indicating regions of 
the body. 



[0003] Body region indication systems are used to aid in diagnosis and treatment of patients 
by quantifying a patient's experience to a physician or a clinician. In particular, body region 
indication systems allow a user, such as a patient, nurse, clinician, or physician, to indicate 
points or regions of interest on the human body according to a uniform, standardized 
template. The indicated points or regions may include locations of injury, pain, treatment, 
discoloration, paresthesia, or the like. 

[0004] Conventional body region indication systems have typically been based on two- 
dimensional drawing methods, e.g., allowing a user to draw on a printed outline or template 
of the human body. For example, a user may be presented with a blank body outline on a 
printout or a computer screen, and asked to circle or shade any affected areas. Such static, 
two-dimensional template systems are limited in that some areas of the body surface are not 
visible to the user. Hence the user must approximate the indication regions in invisible or 
partially visible areas by coloring near the edges of the template outlines. The 
approximations give inaccurate body indication results with respect to both the position and 
extent of the regions. 

[0005] Some existing body region indication systems display both a front and back outline of 
the body. However, additional, mutually exclusive views always leave some areas of the 
body, e.g., the sides, difficult to indicate accurately because they are located at the edges of 
the body views. Further, users of such front and back body outline systems have difficulty 
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associating the orientation of the patient with the orientation of the displayed templates. For 
example, leg pain may be indicated properly on the front outline of the body as the front of 
the left leg, but indicated incorrectly on the back outline of the body as the back of the right 
leg. The error is difficult to determine after entry, since the inaccurate indications may be 
medically reasonable. 

[0006] Multiple, overlapping views could be used in an attempt to avoid the problems 
associated with having areas of the body not shown. Such templates, however, would require 
the user to either redundantly fill in the affected regions in all views consistently, or choose 
from many possible ways to indicate the same body region. Many of the problems associated 
with the existing body region indication systems arise from the static nature of the outline 
templates. 

SUMMARY 

[0007] In general, the invention is directed toward techniques for allowing a user to indicate 
regions on the human body. Specifically, a body region indication device according to the 
invention displays two-dimensional, dynamic body image templates to the user, and the user 
indicates regions on the body templates that correspond to affected regions of a patient's 
body. The body region indications may correspond to locations of injury, pain, treatment, 
discoloration, paresthesia, or the like. The user may be the patient, a nurse, a clinician or a 
physician. 

[0008] The body image templates illustrate views of an external surface of a human body at 
various rotations about an axis. The degree of rotation about the axis for each of the body 
image templates may be determined by a predetermined value, a user selection, or an 
adaptive computer system. In exemplary embodiments, a user controls display of the 
templates, which may allow the user to perceive rotation of a three-dimensional body surface 
about an axis. 

[0009] The two-dimensional user indicated regions from each of the displayed body image 
templates are stored in a body surface coordinate system that describes points on a body 
surface. The body surface coordinate system may be a three-dimensional or two-dimensional 
coordinate system. The device may generate the body image templates from the coordinate 
system using, for example, three-dimensional polygon rendering techniques known in the art. 
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In some embodiments, the views provided by each template are partially overlapping. In 
such embodiments, a user indicated region from the first body template located in the 
overlapping area is also displayed on the second body template. 
(0010] The device includes a display for displaying the body image templates. In some 
embodiments, the display is a touch-screen display for receiving indications of regions of 
body image templates from the user. In exemplary embodiments, the device is a 
programming device used by a clinician, and in some cases the patient, during a 
programming session for programming an implantable medical device that delivers 
neurostimulation therapy to the patient. The device may include a memory to store 
coordinate systems that include body region indication information for one or more patients, 
and may regenerate body image templates from a selected one of the stored coordinate 
systems to, for example, allow a clinician to review patient symptoms at some later time. 
[0011] In one embodiment, the invention is directed to a method in which a plurality of two- 
dimensional body templates are sequentially displayed, with each of the body templates 
illustrating a view of an external surface of a human body rotated an angle about an axis. 
[0012] In another embodiment, the invention is directed to a computer-readable medium 
containing instructions that cause a programmable processor to sequentially display a 
plurality of two-dimensional body templates, each of the body templates illustrating a view 
of an external surface of a human body rotated an angle about an axis. 
[0013] In another embodiment, the invention is directed to a device comprising a display and 
a processor. The processor sequentially displays a plurality of two-dimensional body 
templates via the display, each of the body templates illustrating a view of an external surface 
of a human body rotated an angle about an axis. 

[0014] In a further embodiment, the invention is directed to a method comprising displaying 
a two-dimensional body template that illustrates a view of an external surface of a human 
body, receiving input from a user indicating a region of the body template, and mapping the 
input to a body surface coordinate system that describes the external surface of the human 
body. 

[0015] In an additional embodiment, the invention is directed to a computer-readable 
medium containing instructions that cause a programmable processor to display a two- 
dimensional body template that illustrates a view of an external surface of a human body, 
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receive input from a user indicating a region of the body template, and map the input to a 
body surface coordinate system that describes the external surface of the human body. 
[0016] In another embodiment, the invention is directed to a device comprising a display to 
display a two-dimensional body template that illustrates a view of an external surface of a 
human body, a user input circuit to receive input from a user indicating a region of the body 
template, and a memory to store a body surface coordinate system that describes the 
representation of the external surface of the human body. The device further comprises a 
processor to display the body template via the display, and map the user input to the body 
surface coordinate system. 

[0017] The invention may provide a number of advantages. For example, sequential 
presentation of a series of body image templates that depict rotation of a body surface about 
an axis may allow a user to remain better oriented with respect to whether limbs and the like 
are "right" or "left." The device may allow a user to control the direction, and, in some 
cases, the extent of rotation, which may further improve the orientation of the user. 
[0018] The body image templates may overlap, such that no portion of the body surface is 
not depicted by a body image template. In such embodiments, the device may display a 
region indicated on one body template in subsequent templates, which may allow the user to 
give more accurate region indications due to the persistent nature of the body region 
indications. The accurate indications may improve the usability of body region indications 
for physicians or clinicians in aiding diagnosis and treatment of the patient, such as aiding in 
the determination of efficacy of purposed neurostimulation as evaluated based on overlap 
between indicated regions of pain and paresthesia. Users may find indicating body regions 
on a representation of a sequentially rotating body surface to be intuitive, particularly in 
embodiments where the body image templates overlap and are generated to redisplay 
previously indicated body regions. 

[0019] The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and advantages 
of the invention will be apparent from the description and drawings, and from the claims. 
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BRIEF DESCRIPTION OF DRAWINGS " 

[0020] FIGS. 1A and IB are schematic diagrams illustrating an example body region 
indication device displaying body image templates corresponding to two views of a body. 
{00211 FIGS. 2A through D are schematic diagrams illustrating another example body region 
indication device displaying body image templates corresponding to four views of a body. 
(0022] FIG. 3 is a schematic diagram illustrating another example body region indication 
device displaying a body image template. 

[0023] FIG. 4 is a block diagram illustrating the body region indication device of FIG. 3 in 
greater detail. 

[0024] FIG. 5 is a flow diagram illustrating a method that may be employed by a body region 
indication device to display body image templates. 

[0025] FIG. 6 is a flow diagram illustrating a method that may be employed by a body region 
indication device to map user input indicating regions of a body image template to a three- 
dimensional body surface coordinate system. 

[0026] FIG. 7 is a flowchart illustrating a method that may be employed by a body region 
indication device to map user input indicating regions of a body image template to a two- 
dimensional body surface coordinate system. 

DETAILED DESCRIPTION 

[0027] FIGS. 1 A and IB are schematic diagrams illustrating an example body region 
indication device 10. In the illustrated example, indication device 10 displays body image 
templates 16 and 22, which correspond to two views of the surface a human body. In this 
case, indication device 10 is a handheld computing device that may be used by a user, such 
as a patient, a nurse, a clinician, or a physician, to indicate regions of the human body. More 
specifically, indication device displays body view templates 16 and 22 to allow the user to 
indicate regions of injury, pain, treatment, discoloration, paresthesia, or the like experienced 
by the patient. 

[0028] Indication device 10 includes a display 12, and provides a graphical user interface 
(GUI) 14 via display 12. In FIG. 1 A, GUI 14 includes a front view template 16, e.g., an 
image illustrating a front view of the surface of the human body, and a back view selection 
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button 18. In FIG. IB, GUI 14 includes a back view template 22, e.g., an image illustrating C 
back view of the surface of the human body, and a front view selection button 24. Front and 
back view selection buttons 1 8 and 24 allow the user to switch between front view and back 
view templates 16 and 22. 

|0029] The user may provide information to indication device 10 by interacting with GUI 14. 
The user may use GUI 14 to, for example, enter patient information, indicate body regions on 
body image templates 16 and 22, and switch between body image templates 16 and 22 using 
buttons 1 8 and 24. Display 12 may comprise a touch screen that allows the user to interact 
with GUI 14 using a stylus (not shown). In other embodiments, indication device 10 may be 
coupled to a keyboard or other pointing device, such as a mouse, to enable user input. 
[0030] In exemplary embodiments, indication device 10 is a programming device used by a 
clinician to generate one or more programs that control the delivery of neurostimulation by 
an implantable medical device that is implanted within the patient. A neurostimulation 
therapy program includes parameters that define the neurostimulation delivered by the 
implantable medical device. For example, where the implantable medical device delivers 
neurostimulation as pulses via selected electrodes from a set of electrode implanted in the 
patient, a neurostimulation program may define a voltage or current pulse amplitude, and a 
pulse width and rate, and may identify the selected electrodes. A number of programs may 
be tested during a programming session, and one or more programs may be selected from 
those tested for long-term use by the patient. 

[0031] During programming the clinician and/or the patient may use indication device 10 to 
indicate the regions of pain experienced by the patient which the neurostimulation is to treat, 
and regions of paresthesia experienced by the patient in response to delivery of each 
program. The overlap of the paresthesia resulting from each program with the pain may be 
used to "score" the programs. Further details regarding such methods of evaluating 
neurostimulation therapy programs may be found in U.S. Patent No. 6,308,102, issued to 
Sieracki et al. 

[0032] Indication device 10 displays the two-dimensional front- view template 16 to the user 
via display 12, and may also, as shown in FIGS 1 A and IB, display left and right side 
markers via display 12 so as to allow the user to understand the orientation of template 16. 
The user enters first region indication 20 into indication device 10 by shading or outlining a 
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region corresponding to an affected body region of the patient. After receiving first 
indication 20, indication device 10 redisplays front view template 16 with shading to 
illustrate first region indication 20. 

[0033] Indication device 10 stores information reflecting first region indication 20 as part of 
a body surface coordinate system. In some embodiments, the body surface coordinate 
system is a three-dimensional map of the external surface of the human body, e.g., defines 
points of a representative human body surface with three coordinates. In other embodiments, 
the body surface coordinate system is a two-dimensional map of a mathematically peeled and 
flattened external surface of the human body, e.g., defines points of a representative human 
body surface with two coordinates. In either case, indication device 10 stores information in 
association with the points that reflects whether those points have been indicated by the user. 
[0034] Once the user has entered all body regions corresponding to the patient's symptoms 
on front view template 1 6, the user may select back view template 22 for display by selecting 
back view selection button 18. Selecting back view selection button 18 causes indication 
device 10 to display back view template 22, as in FIG. IB. As indication device 10 displays 
back view template 22, it may also display any portion of first region indication 20 that 
overlaps onto back view template 22. In other words, use of a coordinate system to store 
information describing region indication 20, allows region indication 20 to be at least 
partially redisplayed on other body view templates that overlap front view template 16. In 
the case where there are only two body views, as shown in FIGS. 1A and IB, and first region 
indication 20 includes the edges of front view template 1 6, a portion of first region indication 
20 may be redisplayed at the edges of back view template 22. 

[0035] As shown in FIGS. 1 A and IB, indication device 10 may display back view template 
22 with left and right side markers to allow the user to understand the orientation of back 
view template 22. the user may input second region indication 26 by shading or outlining a 
region corresponding to an affected body region of the patient. Second region indication 26 
may be an addition to the displayed portion of first region indication 20. After receiving 
second region indication 26, indication device 10 redisplays back view template 22 with 
shading to illustrate second region indication 26. Indication device 10 stores second region 
indication 26 in the body surface coordinate system along with first region indication 20. 
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The single coordinate system allows region indication 26 to be at least partially redisplayed "~ 
on other body view templates that overlap back view template 22. 

[0036] Once the user has entered all body regions corresponding to the patient's symptoms 
on back view template 22, the user may select to view front view template 16 again. 
Selecting front view selection button 24 from GUI 14 causes indicator device 10 to again 
display front view template 16 with first indication region 20 and any overlapping indications 
from back view template 22 illustrated. 

[0037] The user may switch between the front view template 1 6 and the back view template 
22 via front and back view selection buttons 1 8 and 24 as many times as necessary to 
indicate all the regions corresponding to the patient. First and second region indications 20, 
26 may be manipulated multiple times. Each change in the indication regions is reflected in 
the body coordinate system and illustrated on the redisplayed body template. 
[0038] FIGS. 2A through D are schematic diagrams illustrating another example body region 
indication device 30 displaying body image templates 36, 42, 48 and 50, corresponding to 
four views of a body. Like indication device 10 of FIGS. 1 A and IB, indication device 30 is 
a handheld computing device that may be used by a user, such as a patient, a nurse, a 
clinician, or a physician, to indicate regions of injury, pain, treatment, discoloration, 
paresthesia, or the like experienced by the patient. Indication device 30 includes a display 
32, and may provide a GUI 34 via display 32. Indication device 30 may operate in a 
substantially similar manner as indication device 10 described with reference to FIGS. 1 A 
and IB. 

[0039] In FIG. 2A, GUI 34 includes a front view template 36, a left view selection button 38, 
and a right view selection button 39. In FIG. 2B, GUI 34 includes a right view template 42, a 
front view selection button 44, and a back view selection button 45. In FIG. 2C, GUI 34 
includes a back view template 48, the left view selection button 38, and the right view 
selection button 39. In FIG. 2D, GUI 34 includes a left view template 50, the front view 
selection button 44, and the back view selection button 45. 

[0040] Front view template 36 of FIG. 2 A is substantially similar to front view template 16 
of FIG. 1 A. The user inputs region indication 40 into indication device 30 by shading or 
outlining a region on the displayed front view template 36 that corresponds to an affected 
body region of the patient. After receiving indication 40, indication device 30 redisplays 
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front view template 36 with shading to illustrate region indication 40 via display 32. 
Indication device 30 stores region indication 40 in a body surface coordinate system as 
described above with reference to FIGS. 1 A and 1 B. When the user is ready to view 
additional body templates, the user may select either left view selection button 38 or right 
view selection button 39 from GUI 34. Selecting left view selection button 38 causes 
indicator device 30 to display left view template 50, shown in FIG. 2D, and selecting right 
view selection button 39 causes indicator device 30 to display right view template 42, shown 
in FIG. 2B. Along with left or right view templates 50 and 42, indicator device 30 displays 
any portion of region indication 40 that overlaps onto left or right view templates 50 and 42. 
[0041] As shown in FIG. 2B, right view template 42 is displayed for indication device 30 to 
accept region indications (not shown in FIG. 2B) from the user. All indicated regions are 
stored in the body surface coordinate system along with region indication 40. The user may 
select front view selection button 44 or back view selection button 45 when ready to view 
additional body templates. 

[0042] FIG. 2C illustrates back view template 48, which is substantially similar to back view 
template 22 from FIG. IB. Region indications may be entered by the user onto back view 
template 48 and then stored in the coordinate system. The user may choose to view either 
right view template 42 or left view template 50 via the body view selection buttons 38 and 

39. 

[0043] In FIG. 2D, left view template 50 is displayed along with a portion of region 
indication 40. As shown in FIG. 2A, region indication 40 is shaded to the left edge of front 
view template 36, so a portion of indication 40 overlaps onto left view template 50. The user 
may enter new region indications and add onto region indication 40 on left view template 50. 
The region indications are stored in the coordinate system. The user may then select front 
view selection button 44 or back view selection button 45 to redisplay previously displayed 
body views. 

[0044] The user may switch between the four body view templates 36, 42, 48, and 50 via the 
body view selection buttons 38, 39, 44, and 45 as many times as necessary to indicate all the 
regions corresponding to the patient's symptoms. Region indication 40 and other region 
indications (not shown) may be manipulated multiple times. Each change in the indication 
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regions is reflected in the body coordinate system and illustrated on the redisplayed body 
templates 36, 42, 48 and 50. 

[0045] FIG. 3 is a schematic diagram illustrating another example body region indication 
device 60 displaying a body image template 66. Indication device 60 operates in a 
substantially similar manner to indication device 10, which was described above with 
reference to FIGS. 1 A and IB. Indication device 60 includes a display 62, and provides a 
GUI 64 via display 62. GUI 64 includes a body view template 66, a left rotation button 68, a 
right rotation button 69, a done button 72, and an erase button 74. As shown in FIG. 3, 
indication device 60 is a handheld computer, which in some embodiments may be a 
programming device for programming an implantable medical device. 
[0046] Indication device 60 displays body view template 66 via display 62 to allow a user, 
such as a patient, a nurse, a clinician, or a physician, to enter region indications that 
correspond to affected body regions of the patient. Body view template 66 represents a view 
of an external surface of a human body. In FIG. 3, body view template 66 represents a front 
body view. The entered indications (not shown) are stored in a body surface coordinate 
system that maps the external surface of the human body as described in reference to FIGS. 
1 A and IB. After each region indication, indication device 60 redisplays body view template 
66 with the indicated region illustrated on the template 66. 

[0047] In order to enter additional region indications or extend previously entered region 
indications on a different body template (not shown), the user selects left rotation button 68 
or right rotation button 69. Selecting one of the rotation direction buttons 68 or 69 causes 
indication device 60 to display a body template that represents a different view of the 
external body surface, i.e., a view that is rotated an angle from the view presented by 
template 66. A degree of rotation represented by the subsequent body view may be a 
predetermined amount. 

[0048] The user may hold down one of buttons 68 and 69 to rotate through a number of 
templates, which may allow the user to perceive that the user is rotating a three-dimensional 
representation of the external body surface. However, indication device 60 need not display 
all possible body view templates. Rather, indication device 60 need only display a sufficient 
number of body view templates to maintain user orientation to the rotations. Nonetheless, it 
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is preferred to display sufficient body templates to create an apparently smooth rotation of * 
the external body surface. 

[0049] As shown in FIG. 3, the user may select erase button 74 to remove previously entered 
region indications. "Selecting erase button 74 may cause all region indications illustrated on 
displayed body view template 66 to be erased, or may allow the user to select regions to be 
erased by shading or outlining the regions to be erased. The ability to erase and retouch 
entered region indications increases accuracy of the region indications. Each change in the 
region indications is reflected in the body coordinate system and illustrated on the 
redisplayed body templates. The user may signify when the region indications are complete 
by selecting done button 72. Selecting done button 72 stops indication device 60 from 
accepting any further region indications or body view rotation selections. 
[0050] In some embodiments, indication device 60 may sequentially display additional body 
views according to a display time limit. In that case, the user may enter region indications on 
one of the body templates for a preset period of time. Indication device 60 displays the next 
body template once the time limit has expired. The rotation of the body templates may 
continue for a set number of revolutions or until the user specifies the region indications are 
complete. 

[0051] In some embodiments, indication device 60 may adaptively determine which template 
to display based on the region indications input by the user. For example, indication device 
60 may select and/or generate a template corresponding to a degree of rotation of the external 
body surface that is determined based upon the location of the region indications entered by 
the user within a template. For example, a region indication shaded to the edge of a 
displayed body template may cause indication device 60 to select and/or generate a next body 
template that represents a small rotation of the body surface, to allow the user to accurately 
complete the region. On the other hand, a region indication that remains substantially far 
away from an edge of a current body template may cause indication device 60 to display a 
next body template that represents a larger degree of rotation, to allow the user to begin 
indicating another region. Using such an indication device 60, the user may be able to give 
accurate indications with fewer body templates. 

[0052] FIG. 4 is a block diagram illustrating the body region indication device of FIG. 3 in 
greater detail. Indication device 60 includes a processor 82, a memory 84 that stores a body 
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surface coordinate system 86, a display 62, and a user input circuit 90. Although FIG. 4 
illustrates indication 60, it is understood that indication devices 10 and 30 of FIGS. 1A and 
IB, and 2A through D may include similar components and provide similar functionality. 
[0053J Processor 82 controls indication device 60 to provide functionality as described 
herein. In particular, processor 82 displays body templates via display 62, and receives input 
from a user via user input circuit 90. The user input may include body region indications, 
body view or rotation selections, erase selections, done selections, and responses to a 
. prompts. Processor 82 stores information reflecting received body region indications and 
erase selections in body surface coordinate system 86 within memory 84. In some 
embodiments, memory 84 stores one or more coordinate systems 86 that include body region 
indication information for one or more patients, and may regenerate body image templates 
from a selected one of the stored coordinate systems to, for example, allow a clinician to 
review patient symptoms at some later time. 

[0054] The displayed body templates are two-dimensional views of an external surface of a 
human body. Based on user input of body view or rotation selections, processor 82 may 
generate a body template, or may retrieve a previously generated body template that may be 
stored in memory 84. In exemplary embodiments, processor 82 generates body templates 
from body surface coordinate system 86, and regenerates body templates upon receiving 
region indications from the user to reflect the region indication information stored in 
coordinate system 86. Processor 82 may generate body image templates from coordinate 
system 86 using, for example, three-dimensional polygon rendering techniques that include 
hidden-line removal. 

[0055] The invention, however, is not so limited. In some embodiments, body templates are 
not generated based on coordinate system, and are not generated by processor 82. Body 
templates may be generated using any means known in the art for generating a two- 
dimensional image, and may, for example, be pre-stored in memory 86, or received by 
indication device 60 via a network connection or removable media (not shown). 
Regeneration of body templates to display regions indicated by a user may include 
superimposing a graphical depiction of the indicated region on a body image template as 
displayed via display 62. 
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[0056] Indication device 60 may receive body region indications via user input circuit 90 as 
two-dimensional polygon outlines of the user indicated regions on a body image template. 
The body region indications may be translated into coordinates of body surface coordinate 
system using known geometric transforms and/or interpolation techniques. For example, in 
exemplary embodiments, a third coordinate to each point within an indicated region. In some 
embodiments, display 62 may comprise a touch screen that enables the user to enter region 
indications directly on the displayed body image template using a stylus. In such cases, user 
input circuit 90 is included as part of display 62. 

[0057] In exemplary embodiments, body surface coordinate system 86 is a three-dimensional 
coordinate system. To create such a three-dimensional coordinate system, a representation of 
the external surface of the human body is intersected with three orthogonal axes and 
embedded in a cube of space. Coordinates for points on the surface, e.g., vertex points, are 
stored as body surface coordinate system 86. 

[0058] Valid region indication coordinates are required to lie within the polyhedral surface 
defined by the three-dimensional body surface coordinate system 86. The coordinates can be 
checked by linearly interpolating between vertex points of the body surface coordinate 
system. In some embodiments, region indications are stored as information associated with 
the three coordinates for each point included in the indicated region. In embodiments where 
body image templates are generated from body surface coordinate system 86, increasing the 
density of vertices increases the curved appearance of the body template templates. Curve- 
smoothing spline and other higher-order interpolations can also or alternatively be used to 
increase the natural appearance of the body image templates. 

[0059] In some embodiments, body surface coordinate system 86 is a two-dimensional 
coordinate system. To create a two-dimensional coordinate system, the external surface of a 
representative human body is mapped to a plane by mathematically pealing and flattening the* 
surface. The resulting map contains special indications to maintain continuity across the 
edges of the flattened map. For example, the circumference of the body trunk and limbs 
become planer regions with the "left edge" noted as continuing into the "right edge." 
[0060] Use of a two-dimensional body surface coordinate system 86 may allow for a 
compression of data in that only two coordinates are required to identify points of the body 
surface, and calculations may be done on a two-dimensional body surface coordinate system 
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86 using two-dimensional rather than three-dimensional operations. In some embodiments, 
indication device 60 generates body image templates directly from a two-dimensional body 
surface coordinate system, while in other embodiments indication device 60 may project 
coordinate system 86 into a three-dimensional coordinate system and generate the body 
image templates from the three-dimensional coordinate system. In other words, where 
processor 82 generates the body image templates from body surface coordinate system 86, 
processor 82 may generate body image templates from a three-dimensional coordinate 
system, e.g., using three-dimensional polygon rendering techniques as described above, 
regardless of which type of body surface coordinate system 86 is used by indication device 
60. 

[0061] In embodiments where indication device 60 uses a two-dimensional body surface 
coordinate system 86 for storage of body region indication information and uses a three- 
dimensional coordinate system for generation of body image templates, the three- 
dimensional body surface need not be stored in memory 84. Instead, processor 82 may first 
generate the three-dimensional coordinate system from the two-dimensional coordinate 
system 86 each time that body image templates are to be generated and displayed or 
regenerated and redisplayed. Processor 82 may then generate the individual two-dimensional 
body templates for display from the three-dimensional coordinate system using three- 
dimensional polygon rendering techniques. Any stored region indications may be mapped 
from the two-dimensional coordinate system to the three-dimensional coordinate system and 
then illustrated with shading on the displayed two-dimensional body templates using three- 
dimensional polygon rendering techniques. 

(0062] Processor 82 may include one or more of a microprocessor, a controller, a digital 
signal processor (DSP), an application specific integrated circuit (ASIC), a field- 
programmable gate array (FPGA), discrete logic circuitry, or the like. In addition to body 
surface coordinate system 86 memory 84 may store program instructions that, when executed 
by processor 82, cause indication device 80 to perform the functions ascribed to indication 
device 80 herein. Memory 84 may include any volatile, non-volatile, fixed, removable, 
magnetic, optical, or electrical media, such as a random access memory (RAM), read-only 
memory (ROM), CD-ROM, hard disk, removable magnetic disk, memory cards or sticks, 
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non-volatile RAM (NVRAM), electrically-erasable programmable ROM (EEPROM), flash 
memory, and the like. 

[0063] FIG. 5 is a flow diagram illustrating a method that may be employed by a body region 
indication device, such as body region indication device 60, to display body image templates. 
Indication device 60 generates a first body view template, such as front view template 66 
(100) from a body surface coordinate system 86 that maps an external surface of a human 
body, and displays front view template 66 to a user via display 62. Coordinate system 86 
may be a three-dimensional or two-dimensional coordinate system, as described above. 
10064] The user may choose to rotate front view template 66 (102) by selecting one of 
rotation direction buttons 68 and 69. If the user chooses to rotate front view template 66 then 
indication device 60 generates a rotated body template (104) from coordinate system 86 that 
represents a rotation of a three-dimensional external body surface from the front view. The 
rotated body image template is then displayed to the user. 

[0065] The user may also input region indications (106) that corresponds to an affected body 
region of a patient on front view template 66, or any other body image template selected 
using rotation direction buttons 68 and 69. Indication device 60 receives the user input and 
regenerates the displayed body image template to illustrate the region indication (108), and 
displays the regenerated body template to the user via display 62. The input region 
indication may be stored in coordinate system 86, as will be described in greater detail below. 
[0066] As illustrated in FIG. 5, the user may rotate maps and input region indications as 
necessary to fully and accurately identify the effected body regions of the patient. Although 
not illustrated in FIG. 5, the user may erase all or portions of previously input region 
indications using erase button 74 (FIG. 3). The user may use done button 72 to indicate that 
the user has completed inputting region indications. The coordinate system 86 containing 
information describing the input region indication(s) may be, for example, stored as part of a 
patient record, or used to "score" a neurostimulation therapy program during a programming 
session. 

[0067] FIG. 6 is a flow diagram illustrating a method that may be employed by body region 
indication device 60 to map user input indicating regions of a body image template to a three- 
dimensional body surface coordinate system 86. As described above, three-dimensional 
body surface coordinate system 86 maps an external surface of a human body and is stored in 
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a memory 84 within indication device 60. A processor 82 within indication device 60 
generates a two-dimensional body view template from three-dimensional coordinate system 
86 (1 1 0). The body template is displayed via a display 62 by processor 82. 
[0068] Processor 82 receives a region indication on the displayed body template from a user 
via display 88 (1 1 2). Processor 82 maps the received two-dimensional input to three- 
dimensional coordinate system 86 (114) to store in memory 84. Processor 82 then 
regenerates the two-dimensional body template along with the region indication from three- 
dimensional coordinate system 86 (116). The regenerated body template is redisplayed with 
shading to illustrate the region indication. 

[0069] FIG. 7 is a flowchart illustrating a method that may be employed by body region 
indication device 60 to map user input indicating regions of a body image template to a two- 
dimensional body surface coordinate system 86. Two-dimensional body surface coordinate 
system 86 maps a pealed and flattened external surface of a human body and is stored in a 
memory 84 within indication device 80. A processor 82 within indication device 80 
generates a three-dimensional body surface coordinate system from two-dimensional 
coordinate system 86 (120) that represents the curved surface of the human body. Processor 
82 then generates a two-dimensional body view template from the three-dimensional 
coordinate system (122). The body template is displayed via a display 62 by processor 82. 
[0070] Processor 82 receives a region indication on the displayed body template from a user 
via display 62 (124). Processor 82 maps the received two-dimensional input directly to the 
two-dimensional coordinate system 86 (126) to store in memory 84. Processor 82 
regenerates the three-dimensional coordinate system from two-dimensional coordinate 
system 86 (128), and maps the stored region indication from two-dimensional coordinate 
system 86 to the three-dimensional coordinate system. Processor 82 then regenerates the 
two-dimensional body template along with the region indication from the three-dimensional 
coordinate system (130). The body template is redisplayed with shading to illustrate the 
region indication. Processor 82 may generate the three-dimensional coordinate system from 
two-dimensional body surface coordinate system 86 as needed, e.g., the three-dimensional 
coordinate system need not be persistently stored in memory 84. 

[0071] Various embodiments of the invention have been described. However, one skilled in 
the art will appreciate that various modifications may be made to these embodiments without 
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■IS 

departing from the scope of the invention. For example, although region indication devices 
have been described herein as programming devices for programming neurostimulation 
therapy delivered by an implantable medical device, the invention is not so limited. Region 
indication devices as described herein may be included as part of programming devices for 
any of a number of types of implantable medical devices, such as cardiac pacemakers and 
implantable pumps. 

[0072] In some embodiments, region indication devices may simply take the form of a 
medical device used for identification, and in some cases recordation, of an affected region 
on a patient's body. Such a medical device may be useful, for example during an initial 
examination and/or interview of a patient at a clinic, emergency, or at the scene of an 
emergency responded to by paramedics. These medical devices may be used to locate and 
scale pain sensations, describe regions of skin discoloration or sensitivity, or pinpoint exact 
areas of injury. The indication device may be able to receive several types of input in 
addition to those described herein depending on the application for which the device is 
employed. These and other embodiments are within the scope of the following claims. 
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